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SUPPORTING MEMBER FOR FOOTWEAR
ACTIVITY ECONOMY

FIELD OF THE INVENTION

The present invention pertains to an article of footwear,
and more particularly for a supporting member attached to
a cushioning element having a rigid and concave configu-

ration with a vertical dimension 1n a sole for providing a
more durable and lightweight sole for improved walking or
running economy.

BACKGROUND OF THE INVENTION

Walking and running economy 1s defined as the metabolic
cost of performing a particular task such as propulsion that
occurs during the stance phase of a walking or running gait.
Elastic energy storage and return for propulsion and support
in tendons and ligaments has been attributed to be as a factor
in enhancing such economy which may be achieved by
having a firm and compliant sole that 1s able to absorb the
energy and elastic enough to return the energy. Other factors
that influence walking or running economy include reducing
plantarflexion as the foot pushes ofl the ground and using a
light weight shoe.

However, prior art shoes having plates fail to maximize
running economy due to the plates” higher masses. Further-
more, prior art plates that attempt to achieve a lower weight
sacrifice the durability of the plate which causes the plate to
be mellective early 1n its use.

BRIEF SUMMARY OF THE INVENTION

The present invention 1s a shoe sole, and 1n particular, a
curved and rigid supporting member with a vertical dimen-
s1on having one or more components that are integrated 1nto
a sole. In at least one embodiment, the supporting member
may be located at least underneath a region at or near the ball
of a foot.

BRIEF DESCRIPTION OF THE DRAWINGS

By way of example only, selected embodiments and
aspects of the present invention are described below. Each
description refers to a figure (“FIG.”) which shows the
described matter. Some figures shown in drawings that
accompany this specification may be for footwear that 1s for
either the left or right foot. Each figure includes one or more
identifiers for one or more part(s) or elements(s) of the
invention.

Various embodiments are described with reference to the
drawings, in which:

FIG. 1A 1s a perspective view of a sole having a rnigid
supporting member.

FIG. 1B 1s a side view of the sole shown 1n FIG. 1A.

FIG. 1C 1s a top plan view of the sole shown 1n FIG. 1A.

FIG. 1D 1s a top plan view of the partially assembled sole
shown 1n FIG. 1A.

FIG. 2A1s a top perspective view of a supporting member.

FIG. 2B 1s a bottom view of the supporting member
shown 1n FIG. 2A.

FIG. 2C 1s a night side view of the medial supporting
member shown 1n FIG. 2A.

FIG. 2D 1s a left side view of the medial supporting
member shown 1n FIG. 2A.

FIG. 2E 1s left side view of the lateral supporting member

shown in FIG. 2A.
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FIG. 2F 1s a right side view of the lateral supporting
members shown in FIG. 2A.

FIG. 2G 15 a perspective side view of the medial support-
ing member shown 1n FIG. 2A

FIG. 2H 1s a magnified perspective side view of a portion
of the medial supporting member shown 1n FIG. 2G.

FIG. 3A 15 a top view of a supporting member.

FIG. 3B 1s a bottom view of the supporting member 1n
FIG. 3A.

FIG. 3C 1s a left side view of the medial supporting
member shown 1n FIG. 3A.

FIG. 3D 1s a night side view of the medial supporting
member shown in FIG. 3A.

FIG. 3E 1s a night side view of the lateral supporting
member shown in FIG. 3A.

FIG. 3F 1s a left side view of the lateral supporting
member shown in FIG. 3A.

FIG. 4A 15 a top view of a lateral supporting member.

FIG. 4B 1s a bottom view of the lateral supporting
member shown in FIG. 4A.

FIG. 4C 1s a nght side view of the lateral supporting
member shown in FIG. 4A.

FIG. 4D 1s a left side view of the lateral supporting
member shown in FIG. 4A.

FIG. SA 1s a top view of a lateral supporting member.

FIG. 5B 1s a bottom view of the lateral supporting
member shown in FIG. SA.

FIG. 5C 1s a night side view of the lateral supporting
member shown 1n FIG. SA.

FIG. 5D 1s a left side view of the lateral supporting
member shown 1n FIG. SA.

FIG. 6A 15 a top view of a medial supporting member.

FIG. 6B is bottom view of the medial supporting member
shown 1n FIG. 6A.

FIG. 6C 1s left side view of the medial supporting member
shown 1n FIG. 6A.

FIG. 7A 15 a top view of a medial supporting member.

FIG. 7B 1s a bottom view of the medial supporting
member shown in FIG. 7A.

FIG. 7C 1s a left side view of the medial supporting
member shown in FIG. 7A.

FIG. 8A 15 a top view of a supporting member.

FIG. 8B 1s a bottom view of the supporting member
shown 1 FIG. 8A.

FIG. 8C 1s a left side view of the supporting member
shown 1 FIG. 8A.

FIG. 8D 1s a night side view of the supporting member
shown 1n FIG. 8A.

FIG. 9A 15 a top view of a supporting member.

FIG. 9B 1s a bottom view of the supporting member
shown in FIG. 9A.

FIG. 9C 1s a left side view of the supporting member
shown 1n FIG. 9A.

FIG. 9D 1s a nght side view of the supporting member
shown 1n FIG. 9A.

FIG. 10A 1s a top view of a partially assembled sole
having a pair of ngid supporting members.

FIG. 10B 15 a side view of the medial supporting member
shown 1 FIG. 10A.

FIG. 10C 1s a cross-sectional view of the sole shown 1n

FIG. 10A, as defined by section line 10C-10C 1n FIG. 10A.
FIG. 10D 1s a cross-sectional view of the sole shown 1n

FIG. 10A, as defined by section line 10D-10D in FIG. 10A.

FIG. 10E 1s a side view of the medial supporting member
as shown 1in FI1G. 10B with curvature measurements for the

bottom edge of the supporting member.
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FIG. 10F 1s a side view of the medial supporting member
as shown in FI1G. 10B with curvature measurements for the

top edge of the supporting member.

FIG. 11A 1s a top view of a partially assembled sole
having a pair of rigid supporting members.

FIG. 11B 1s a side view of the medial supporting member
shown 1n FIG. 11A.

FIG. 11C 1s a cross-sectional view of the sole shown i1n
FIG. 11A, as defined by section line 11C-11C 1n FIG. 11A.

FIG. 11D 1s a cross-sectional view of the sole shown in
FIG. 11 A, as defined by section line 11D-11D 1n FIG. 11A.

FIG. 12A 1s a medial side view of a sole having a pair of
rigid supporting members.

FIG. 12B 1s a cross-sectional view of the sole shown in
FIG. 12A, as defined by section line 12B-12B in FIG. 12A.

FI1G. 12C 1s a side view of the medial supporting member
as shown 1n FIG. 12A with curvature measurements for the
bottom edge of the supporting member.

FIG. 12D 1s a side view of the medial supporting member
as shown 1n FIG. 12A with curvature measurements for the
top edge of the supporting member.

FIG. 13 1s a lateral side view of a sole having a pair of
rigid supporting members.

FIG. 14A 1s a medial side view of a sole having a pair of
rigid supporting members.

FIG. 14B 1s a top view of the partially assembled sole
shown 1n FIG. 14A.

FIG. 14C 1s a cross-sectional view of the sole shown in
FIG. 14 A, as defined by section line 14C-14C 1n FIG. 14B.

FIG. 14D 1s a cross-sectional view of the sole shown in
FIG. 14A, as defined by section line 14D-14D 1n FIG. 14B.

FIG. 14E 1s a cross-sectional view of the sole shown in
FIG. 14A, as defined by section line 14E-14E 1n FIG. 14B.

FIG. 14F 15 a cross-sectional view of the sole shown in
FIG. 14A, as defined by section line 14F-14F 1n FIG. 14B.

FIG. 15A 1s a top view of a partially assembled sole
having a pair of rngid supporting members.

FIG. 15B 15 a side view of the medial supporting member
shown 1n FIG. 15A.

FIG. 15C 1s a cross-sectional view of the sole shown in
FIG. 15A, as defined by section line 15C-15C 1n FIG. 15A.

FIG. 15D 1s a cross-sectional view of the sole shown 1n
FIG. 15A, as defined by section line 15D-15D 1n FIG. 15A.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Introduction. The present invention 1s a shoe sole for an
article of footwear. Particularly, a shoe sole comprised of a
supporting member or a plurality of supporting members
located at least underneath a region at or near the ball of a
foot. The supporting member includes an anterior portion
disposed at or near a forefoot region of the sole and a
posterior portion disposed at or near a midioot region of the
sole. The supporting member includes a concave configu-
ration extending from an anterior portion to a posterior
portion 1n a longitudinal direction between the toe end and
the heel end of the sole. The supporting member 1includes a
vertical sub-member extending substantially along the lon-
gitudinal length of the supporting member and extending 1n
a substantially vertical dimension that extends 1n the direc-
tion from the shoe’s upper to the outsole of the shoe.

The design of the supporting member, and more specifi-
cally the vertical sub-member of the supporting member,
enables the supporting member to exhibit a high degree of
stiflness while utilizing a mimimal amount of matenals,
resulting 1n a high stifiness to weight ratio. Consequently,
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the supporting member imparts the desired stifiness to a shoe
while limiting mass added to the shoe which m turn
enhances the economy of the activity of the wearer. Fur-
thermore, the vertical dimension of the vertical sub-member
also enhances the durability of the supporting member
which extends the eflective use of the shoe over a greater
distance.

Implementations of the disclosure may include one or
more of the following optional features. In some implemen-
tations, a supporting member further includes horizontal
components such as a horizontal sub-member that 1s con-
nected to a sidewall of the vertical sub-member. The hori-
zontal sub-member may have a curved conformation and
extends 1n the longitudinal direction of the sole and 1n the
mediolateral direction of the sole. The horizontal sub-mem-
ber may be located on the interior side of the vertical
sub-member or the exterior side of the sub-member or a
plurality of horizontal sub-members may be located on both
sides of the vertical sub-member. The horizontal sub-mem-
ber may be configured to be perpendicular to the vertical
sub-member 1n an L-shaped configuration or angled acutely
or obtusely from a vertical plane of the vertical sub-member.
The horizontal sub-member or vertical sub-member may be
integrally connected to a cross bar. The cross bar 1s config-
ured to substantially extend 1n the mediolateral direction at
a distance further than the horizontal sub-member. The cross
bar may provide additional rigidity to regions in the cush-
loning member.

In some examples, the supporting member may have a top
surface and lower surface and there are one or more support
ridges above and/or below the top and lower surfaces of the
supporting member that extend along the longitudinal length
of the supporting member. A ridge may be located on a
vertical sub-member, a horizontal sub-member, and/or a
cross bar of the supporting member.

While the present invention is referred to as a supporting,
member, the term 1s not intended to be limiting and 1s meant
to refer to any structure that may be incorporated into a shoe
sole and the structure having the desired rigidity and elas-
ticity properties. Thus, the supporting member can be
referred to as a plate, insert, rigid vet compliant structure,
spring board, or any other suitable term.

Supporting Member Placement. The invention will now
be first described with reference to the exemplary embodi-
ment shown 1 FIGS. 1A-1D which shows a perspective
view of sole 2 with supporting member 4 having a concave
configuration and vertical sub-member 26. Supporting mem-
ber 4 1s sandwiched between first layer 36 and second layer
38 of midsole 6 and configured to be located 1n the forefoot
area of the sole. The supporting member may be a single
supporting member or a plurality of supporting members.
FIG. 1D shows sole 2 with a pair of supporting members 4
that are spaced away from each other and are primarily
located on the medial and lateral sides of sole 2. Spacing the
pair of supporting members from each other also allows ease
in positioning the supporting member 1n the sole during
manufacturing process. Component parts of a sole often
exhibit variance 1n its dimensions. Spacing apart supporting
members enables adjustments in positioming the supporting
member to account for such variance.

In other embodiments, the supporting member may also
be located above the midsole between a midsole and an
upper or the supporting member may be located below the
midsole either between a midsole and an outsole or the
supporting member may form part of the outsole. The
supporting member may also be at least a portion of a sock
liner or as part of a lasting board to an upper.
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The supporting member may also substantially extend
along the longitudinal length of the sole or partially along a
portion ol the sole. The supporting member may be a
plurality of supporting members located at various locations
of the sole. The supporting member may be placed 1n
locations of the sole that enhances running or walking
economy 1n areas either by absorbing energy and/or provid-
ing elastic energy return.

Supporting Member Curvature. A supporting member
may be located 1n the forefoot region of the sole and has a
curvature that extends in the longitudinal direction. There
may be a plurality of curvatures in the latitudinal direction
and the vertical direction. A plurality of curvatures in the
latitudinal and vertical directions may increase the stifiness
and durability of the supporting member to reduce flexion 1n
the sole and enable the supporting member to withstand
greater loads over prolonged use. The curvature of the
latitudinal direction may be at least partially coextensive
with the medial or lateral peripheral edge of the sole. The
vertical curvature may be concave upward that extends
along the longitudinal axis of the sole.

In the exemplary embodiment of FIGS. 1A-1D, the
upward curvature has a lowest point of curvature of sup-
porting member 4 that 1s located around the region at or near
the ball of wearer’s foot. Supporting member 4 begins near
the midfoot region of the sole and extends to the toe region.
Vertical sub-member 26 of the supporting member 4 has a
top edge and a bottom edge which both have an upward
curvature but with different central angles that define the arc
length of a central region of the top edge and bottom edge
curvatures. The lowest point of the top edge of supporting
member 4 has a compound (or noncircular) curvature with
the lowest point located below the ball region of the foot.
The bottom edge of vertical sub-member 26 has an overall
compound curvature that 1s not coextensive with the top
edge of vertical sub-member 26. Relative to the lowest point
of the curvature of supporting member 4, the forefoot
portion of the supporting member 4 has a greater length than
the rear portion of supporting member 4. The overall degree
of curvature along the bottom edge of the vertical sub-
member may be higher in the forefoot region than the rear
portion such that the toes of a wearer’s foot exhibit at least
some degree of dorsal flexion when the wearer’s foot 1s 1n
a resting state.

Supporting member 4 may be constructed of a ngid
material that still exhibits a degree of elasticity to bend when
under a suflicient load. Supporting member 4 1s substantially
rigid to support at least some degree of dorsal flexion of the
foot during the swing phase of walking or running. The
supporting member may absorb the impact upon foot strike
and be sufliciently compliant under a load such that the
supporting member provides a positive spring force that
enhances the wearer’s ability to “push ofl” the foot from the
ground. The energy return of the stiffening supporting mem-
bers may be measured 1 a sole 1in accordance with ISO
1’77077:20035. For example, such as the embodiment shown 1n
FIGS. 1A-1D, the supporting member may have three 3
times the energy return than the same sole without the plate.

In another embodiment, the horizontal sub-member may
also have an upward curvature. In one exemplary embodi-
ment, supporting member 4 comprises a pair ol horizontal
sub-members 8 with a medial horizontal sub-member 8 and
lateral horizontal sub-member 8. The pair of horizontal
sub-members may be integrally connected to each other or
not connected and spaced away from each other. In the
present embodiment, the disconnected horizontal sub-mem-
bers 8 are located near the medial and lateral periphery edges
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of the forefoot area of midsole 6. The lowest point on the
curve 1s substantially aligned along the ball of the foot.

The supporting member’s curved region may be a circular
1Isometric curve or a compound curve, 1.€. a noncircular
curve, wherein the curvature having different radii1 1n regions
along the top surface of the horizontal sub-member and/or
the top edge of the vertical sub-member. The vertical sub-
member of the supporting member may have a bottom edge
with a curvature that 1s different from the curvature of the
top edge of the vertical sub-member. The overall curvature
of the bottom edge may have a more acute or deeper
curvature that the top edge’s overall curvature. Further, the
bottom edge may have a greater overall curvature length
than the top edge. In exemplary embodiments, the top edge
has an overall curvature length that 1s about ninety percent
to about minety-nine percent the bottom edge’s overall
curvature length.

The difference 1n the top edge’s curvature of the vertical
sub-member and the bottom edge’s curvature of the vertical
sub-member may afford additional durability to the support-
ing member. In an exemplary embodiment, the vertical
sub-member may have a crescent shape formed by the
different curvatures of the top edge and bottom edge. The
greatest height 1n the crescent shaped vertical sub-member
may be at or near the ball of the foot with top and bottom
edges converging at the ends of the vertical sub-member.
The crescent shape may increase the durability of the
supporting member for the vertical sub-member and the
durability of any horizontal component such as a horizontal
sub-member or cross bars that may be athxed to the vertical
sub-member.

In exemplary embodiments of a supporting member that
forms at least a portion of the midsole, the bottom edge of
the vertical sub-member may have a center region compris-
ing a first curvature that may be located at or near a location
underneath the ball of the wearer’s foot. The bottom edge’s
first curvature may extend approximately from point b to
pomnt ¢ as shown i FIG. 10E. The bottom edge’s first
curvature may extend about forty percent to about sixty-five
percent of the total curvature length of the bottom edge of
the vertical sub-member. The bottom edge of the vertical
sub-member may have an anterior region comprising a
second curvature. The bottom edge’s second curvature may
extend approximately from point a to pomt b as shown 1n
FIG. 10E. The bottom edge’s second curvature may extend
about fifteen percent to about thirty percent of the total
curvature length of the bottom edge of the vertical sub-
member. The bottom edge of the vertical sub-member may
have a posterior region comprising a third curvature. The
bottom edge’s third curvature may extend approximately
from point ¢ to the posterior distal end as shown in FIG. 10E.
The bottom edge’s third curvature may extend about fifteen
percent to about thirty percent of the total curvature length
of the bottom edge of the vertical sub-member. The central
angle 0, that corresponds to the bottom edge’s first curvature
may be within a range from about 25-degrees to about
S50-degrees. The central angle 0, that corresponds to the
bottom edge’s second curvature may be within a range from
about 3-degrees to about 15-degrees. The bottom edge’s
third curvature may be substantially linear or have a concave
downward configuration with a corresponding downward
central angle. The bottom edge’s compound curvature may
turther comprise a plurality of additional curvatures and/or
linear portions along the anterior and/or posterior portion of
the vertical sub-member.

Further to this embodiment, the top edge of the vertical
sub-member may have a center region comprising a first
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curvature that may be located at or near a location under-
neath the ball of the wearer’s foot. The top edge’s first
curvature may extend approximately from point x to point y
as shown 1n FIG. 10F. The top edge’s first curvature may
extend about forty percent to about sixty-five percent of the
total curvature length of the top edge of the vertical sub-
member. The top edge of the vertical sub-member may have
an anterior region comprising a second curvature. The top
edge’s second curvature may extend approximately from
point w to point X as shown i1n FIG. 10F. The top edge’s
second curvature may extend about ten percent to about
thirty percent of the total length of the top edge of the
vertical sub-member. The top edge of the vertical sub-
member may have a posterior region comprising a third
curvature. The top edge’s third curvature may extend
approximately from point y to the posterior distal end as
shown in FIG. 10F. The top edge’s third curvature may
extend about fifteen percent to about thirty percent of the
total curvature length of the top edge of the vertical sub-
member. The central angle 0, that corresponds to the top
edge’s first curvature may include a value within a range
from about 15-degrees to about 40-degrees. The central
angle 0. that corresponds to the top edge’s second curvature
may be within a range from about 3-degrees to about
15-degrees. The top edge’s third curvature may be substan-
tially linear or have a concave downward configuration with
a corresponding downward central angle. The top edge’s
compound curvature may further comprise a plurality of
additional curvatures and/or linear portions along the ante-
rior and/or posterior portion of the vertical sub-member.

In some embodiments, the bottom edge of a vertical
sub-member may have at least one degree of curvature that
corresponds to a smaller 1sometric circle than at least one top
edge degree of curvature of a vertical sub-member. In
exemplary embodiments, the supporting member 1s propor-
tioned to have a central angle 0, associated with the bottom
edge’s first curvature that 1s about 1.1 to 2.0 times greater
than the corresponding central angle 0, associated with the
top edge’s first curvature. In one example, the central angle
0, associated with the bottom edge’s first curvature 1s about
38-degrees and the corresponding central angle 0, associ-
ated with the top edge’s first curvature 1s about 27-degrees.
The fold difference 1n at least the bottom and top edge’s first
curvature angles may give rise to a crescent shaped or
partially crescent shaped vertical sub-member that may
exhibit a greater durability than a plate having a flat/planar
structure.

The vertical sub-member may have a maximum height
that will increase the durability of the supporting member
and may be as high as the vertical height of the sole. The
height of the wvertical sub-member may vary along the
longitudinal axis of the supporting member or may be
constant. In exemplary embodiments where a supporting
member extends from the midioot to the forefoot and 1s a
component within the midsole, the vertical sub-member may
have a greatest height located at a central region of the
supporting member and 1s configured to gradually decrease
in height in the anterior and posterior directions to have the
least height at an anterior portion and a posterior portion of
the supporting member. In some configurations, the height
of the vertical sub-member ranges from about 0.3 mm to
about 10.0 mm when the supporting member 1s incorporated
within the midsole. The range of height may proportionately
be adjusted for smaller or larger sized footwear. In some
cases, the height may be greater than 10 mm for larger sizes
or thicker soles. In one example, the height of a vertical
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sub-member 1s about 6.0 mm at a location at or near the ball
of the foot and decreases to about 1.0 mm at the anterior and
posterior distal ends.

In exemplary embodiments of a supporting member that
forms at least a portion of the outsole, the bottom edge of the
vertical sub-member may comprise a compound curvature
including an anterior portion and a posterior portion. The
bottom edge’s anterior portion may comprise a first curva-
ture that may extend about eighty percent to about minety
percent of the total curvature length of the bottom edge of
the vertical sub-member, extending approximately from
point ¢ to point 1 as shown 1n FIG. 12C. The bottom edge’s
posterior portion may comprise a second curvature that may
extend about ten percent to about twenty percent of the total
curvature length of the bottom edge of the vertical sub-
member, extending approximately from point 1 to point g as
shown 1n FIG. 12C. The central angle 0 that corresponds to
the bottom edge’s first curvature may be within a range from
about 35-degrees to about 45-degrees. The bottom edge’s
second curvature may be substantially linear or has a central
angle 0O,. The bottom edge’s compound curvature may
turther comprise a plurality of additional curvatures and/or
linear portions along the anterior and/or on the posterior
portion of the vertical sub-member.

Further to this embodiment, the top edge of the vertical
sub-member may comprise a compound curvature that has
an overall curvature which 1s more shallow or obtuse than
the bottom edge’s overall curvature or may be substantially
linear. The top edge’s posterior portion may comprise a first
curvature that may extend approximately from point s to
pomnt t as shown 1 FIG. 12D. The top edge’s anterior
portion may comprise a second curvature that may extend
approximately from point q to point r as shown in FIG. 12D.
The top edge may have a central region comprising a third
curvature that may extend approximately from r to points as
shown 1n FIG. 12D. The top edge’s first curvature may have
an upward concave configuration and have an associated
central angle 0O, or may be substantially linear. The top
edge’s second curvature may have an upward concave
configuration and have an associated central angle 0,, or
may be substantially linear. The top edge’s third curvature
may have a downward concave configuration and have an
associated downward central angle. The top edge’s com-
pound curvature may further comprise a plurality of addi-
tional curvatures and/or linear portions along the anterior
and/or on the posterior portion of the vertical sub-member.

In an alternate exemplary embodiment of a supporting
member that forms at least a portion of the outsole, the
bottom edge of the vertical sub-member may have a center
region comprising a first curvature that may be located at or
near a location underneath the ball of the wearer’s foot. The
bottom edge’s first curvature may extend about thirty per-
cent to about forty percent of the total curvature length of the
bottom edge of the vertical sub-member. The bottom edge of
the vertical sub-member may have an anterior region com-
prising a second curvature. The bottom edge’s second cur-
vature may extend about ten percent to about twenty percent
of the total curvature length of the bottom edge of the
vertical sub-member. The bottom edge of the vertical sub-
member may have a posterior region comprising a third
curvature. The bottom edge’s third curvature may extend
about forty percent to about fifty percent of the total curva-
ture length of the bottom edge of the vertical sub-member.
The central angle that corresponds to the bottom edge’s first
curvature may be within a range from about 10-degrees to
about 20-degrees. The central angle that corresponds to the
bottom edge’s second curvature may be within a range from
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about 5-degrees to about 15-degrees. The central angle that
corresponds to the bottom edge’s third curvature may be
within a range from about 3-degrees to about 15-degrees.
The bottom edge’s compound curvature may further com-
prise a plurality of additional curvatures and/or linear por-
tions along the anterior and/or posterior portion of the
vertical sub-member.

Further to this embodiment, the top edge of the vertical
sub-member may have a center region comprising a first
curvature that may be located at or near a location under-
neath the ball of the wearer’s foot. The top edge’s first
curvature may extend about forty percent to about fifty
percent of the total curvature length of the top edge of the
vertical sub-member. The top edge of the vertical sub-
member may have an anterior region comprising a second
curvature. The top edge’s second curvature may extend
about five percent to about ten percent of the total curvature
length of the top edge of the vertical sub-member. The top
edge of the vertical sub-member may have a posterior region
comprising a third curvature. The top edge’s third curvature
may extend about thirty percent to about forty percent of the
total curvature length of the top edge of the vertical sub-
member. The central angle that corresponds to the top edge’s
first curvature may be within a range from about 10-degrees
to about 20-degrees. The central angle that corresponds to
the top edge’s second curvature may be within a range from
about 1-degree to about 5-degrees. The central angle that
corresponds to the top edge’s third curvature may be within
a range from about 5-degrees to about 15-degrees. The top
edge’s compound curvature may further comprise a plurality
of additional curvatures and/or linear portions along the
anterior and/or posterior portion of the vertical sub-member.

Further to this exemplary embodiment, the supporting
member 1s proportioned to have a central angle associated
with the bottom edge’s first curvature that 1s about 0.5 to
about 1.5 times the corresponding central angle associated
with the top edge’s first curvature. In one example, the
central angle associated with the bottom edge’s first curva-
ture 1s about 18-degrees and the corresponding central angle
associated with the top edge’s first curvature 1s about
19-degrees.

In exemplary embodiments of a supporting member that
forms at least a portion of the outsole, the bottom edge of the
vertical sub-member may be curved along the longitudinal
axis ol the sole, corresponding to the curvatures of the
forefoot and midioot regions of the sole. The top edge of the
vertical sub-member may have a plurality of curvatures
and/or linear sections. Further, the supporting member 1is
configured to have the height taper at an anterior portion and
at a posterior portion of the supporting member. In some
configurations, the top edge of the vertical sub-member
tapers down to meet the bottom edge of the vertical sub-
member. In other configurations, the top edge of the vertical
sub-member tapers down and the bottom edge of the vertical
sub-member tapers up to have the top edge and bottom edge
meet at a midpoint. In one example, the height 1s about 13.5
mm at a location at or near the ball of the foot and decreases
to about 0.6 mm at the anterior end and to about 2.7 mm at
the posterior end. In another example, the height 1s about
10.7 mm at the posterior portion of the supporting member
and decreases to about 2.8 mm at the anterior end and to
about 3.4 mm at the posterior end. The heights may pro-
portionately be adjusted for smaller or larger sized footwear.

In a preferred embodiment such as FIGS. 2E & 2F, the
anterior portion 12 of the supporting member 4 1s configured
to be curved upward toward the toes. The posterior portion
14 1s curved upward towards the midioot region. The
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posterior end 14 of the supporting member 4 may plateau or
become more leveled than the supporting member’s 4
curved region. A portion of the distal end of the posterior
portion 14 of the horizontal sub-member 8 may also further
extend beyond the vertical sub-member 26 and plateau near
and/or under the midioot region.

In an exemplary embodiment of a supporting member
with one or more horizontal sub-members, the width and
length of the horizontal sub-members may be uniform or
vary at different regions. The horizontal sub-members’
width may be the widest at the lowest point of the curved
region ol the horizontal sub-member and thinner at other
regions.

T'he horizontal sub-members may have the least
width at the anterior distal end and posterior distal end. The
width may also taper from the lowest point of the supporting
member to the anterior distal end and posterior distal end.
The medial and lateral horizontal sub-members may be
coextensive with each other or one of the horizontal sub-
members may extend along the longitudinal length of the
sole more than the other horizontal sub-member when one
side of the sole requires additional support more than the
other side.

The one or more horizontal sub-members may be curved
along the lateral axis of the sole. The lateral curvatures may
correspond to the curvatures of the periphery of the midsole.
The curved configuration may also be defined by the desired
support of the wearer’s foot such as an upward concave
curvature. In an exemplary embodiment, the horizontal
sub-member’s curvature may be at least partially coexten-
sive with the vertical sub-member’s curvature wherein the
coextensive region 1s defined by the two points where the
vertical sub-member’s top edges join with the bottom edges.
The curvature may be more pronounced in areas 1n the sole
that correspond to the forefoot and less pronounced in
regions that correspond to the midioot.

Support ridges of the supporting member. The curved
supporting member may have one or more support ridges
above and/or below the top and lower surfaces of the
supporting member that extends along the longitudinal
length of the supporting member. An example of a support
ridge 24 1s shown in FIG. 2D. The ndges may add increased
rigidity to the supporting member. The rndges may also
increase the elasticity of the supporting member under a
suilicient load. Furthermore, the ridges may improve the
durability of the supporting member by reducing wear and
cracking from extended use. Ridges may extend along any
portion of a supporting member. In one exemplary embodi-
ment, at least one ridge may extend a portion of the
longitudinal length of the horizontal sub-member. A ridge
may also extend the cross bar along the longitudinal direc-
tion of the sole that extends from the heel to the toe.

Features of Exemplary Embodiments. Further to the
exemplary supporting member of FIGS. 1A-1D, supporting
member may have a portion that 1s exposed on the exterior
of midsole 6. The exposed portion may include a vertical
sub-member 26 that extends upward against the exterior
midsole’s vertical surface or at least partially embedded into
the sidewalls of the midsole.

Vertical sub-members may also enhance or solely provide
the enhanced stiflness to reduce or prevent flexion of the sole
and 1ncrease durability to the supporting member. See for
example FIGS. 15A-135D. Further to this embodiment, the
vertical sub-members may also reduce mediolateral shifting
of the sole caused by mediolateral shear forces exhibited
upon the shoe during use. In FIGS. 1A-1D, supporting
member 4 may have a vertical sub-member 26 that 1s
integrally connected to a horizontal sub-member 8 which 1s
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approximately perpendicular to vertical sub-member 26 of
supporting member 4 and extends parallel to the exterior
surface of the midsole 6. That 1s, the vertical sub-member
and horizontal sub-member of the supporting member form
substantially an “L-shape” structure. For example, see FIG.
10D. A vertical sub-member may be at a distinct acute or
obtuse angle relative to the approximately horizontal plane
of the horizontal sub-members. A vertical sub-member may
also be embedded within the midsole.

The height of the vertical sub-member component may
vary along the longitudinal axis of the supporting member or
be of a uniform height. In the exemplary embodiment of
FIGS. 1A-1D, vertical sub-members 26 have the greatest
height at the lowest point of the curved supporting member
4. The horizontal sub-member may be connected to the
vertical sub-member at the bottom edge of the vertical
sub-member or at any location along the height of the
vertical sub-member. In one exemplary embodiment, the
vertical sub-member may be connected to the horizontal
sub-member of the supporting member 1n a location between
the bottom edge and top edge of the vertical sub-member.
The vertical sub-member may taper at either the anterior
and/or posterior ends of the supporting member. The vertical
sub-member’s thickness may also be uniform or vary. The
vertical sub-member’s thickness may be thickest at the
lowest point of the curvature of the supporting member and
thinner near the anterior and posterior ends of the supporting,
member. The vertical sub-member’s thickness may also vary
along the height of the vertical sub-member. In one exem-
plary embodiment, the area near the bottom edge of the
vertical sub-member may be thicker and the area near the top
edge of the vertical sub-member may be thinner. An exem-
plary embodiment comprises a portion of the height of the
vertical sub-member to be at least 3 times the latitudinal
thickness.

The vertical sub-member may alone provide the necessary
curvature to enhance running economy or in combination
with other sub-elements. See for example FIG. 15A-13D.
The vertical sub-member 26 has at least one curvature along
the longitudinal axis of the sole. The upward curvature of the
vertical sub-member may provide the desired rigidity to
reduce flexion and compliance for energy to a cushioning
clement of a sole.

Cross bar of the supporting member. In some preferred
embodiments, the supporting member may have one or more
horizontal sub-members, and each horizontal sub-member
may have a cross bar that extends in the mediolateral
direction of the supporting member further than the hor-
zontal sub-member. In the exemplary embodiment of FIGS.
1A-1D, the location of cross bars 28 may be positioned in an
area located under the region at or near the ball of the foot.
Cross bar 28 1s an elongated structure with a flat top and a
flat opposite facing bottom surface. The cross bar may
enhance the rigidity while not extending fully across a plane
of the sole. By limiting the amount of material 1n the
supporting member by using a cross bar that does not fully
extend beyond the joint region at or near the ball of the foot,
the mass of the shoe 1s reduced which 1n turn enhances the
cconomy of the activity of the wearer.

In one exemplary embodiment, a single cross bar may
extend between two or more horizontal sub-members of the
supporting member. The cross bar may extend in an area at
or near the ball of the foot. The cross bar may be connected
to the horizontal sub-member or directly to the vertical
sub-member. The cross bar may act as a flange that provides
increased rigidity in localized areas of the cushioning ele-
ment and/or aid in securing the supporting member to the
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sole. In other embodiments, a cross bar may extend between
at least a pair of horizontal sub-members and integrally
connected to the horizontal sub-members or not connected
to each other. In other embodiments, the cross bars may be
connected through a connecting member. The connecting
member may be constructed of ngid material or flexible
material. In the exemplary embodiment as shown in FIGS.
1A-1D, first cross bar 28 extends across the sole 1n a first
mediolateral direction from lateral horizontal sub-member 8.
Second cross bar 28 extends across the sole in a second
mediolateral direction from medial horizontal sub-member
8. First cross bar 28 1s also spaced away from second cross
bar 28. The first cross bar may also be connected by a
connecting member. The connecting member may be rigid
or flexible.

In FIGS. 1A-1D, cross bars 28 and horizontal sub-
members 8 of supporting members 4 have a surface that 1s
adjacent and aflixed to a second layer 38 of sole 2. A first
layer 36 of sole 2 may be bonded to second layer 38 thereby
locating at least a portion of supporting members 4 within
midsole 6 between sole layers 36, 38. Portions of sole 2 may
be at least partially located around the supporting members
4.

A cross bar may also have one or more ridges to provide
increased rigidity and elasticity. FIGS. 2A-2D& 2F show
ridges 24 that extend across horizontal sub-members 8, and
ridges 24 that extend the longitudinal direction of cross bars
28. The ndges avoid constructing thicker supporting mem-
bers that would add mass to the sole and reduce running
economy. The cross bar may have a flat surface that 1s planar
with the central plateaued portion of a horizontal sub-
member. The flat surface of the cross bar may also be askew
from the plane of the central plateaued portion of the
horizontal sub-member as shown 1n FIGS. 2G and 2H. The
flat surface of the cross bar may have a curvature or twisted
orientation at some portions from the plane of the central
plateaued portion of the horizontal sub-member.

The cross bar may be constructed of the same material as
the horizontal sub-members or may be constructed of dif-
ferent materials. The material forming the cross bar may be
more tlexible than the material forming the horizontal sub-
members. In an alternate embodiment, the cross bars may
have a construction that exhibits greater flexibility. Cross
bars with greater flexibility than the horizontal sub-members
reduce the possible cracking of the horizontal sub-members
caused from use in running.

Cushioning Material of the Sole. The sole may be con-
structed of any lightweight material to enhance running
economy. In an exemplary embodiment, the sole 1s con-
structed of supercritical fluid (SCF) foamed materials, such
as the sole described i U.S. patent application Ser. No.
16/675,086 filed Nov. 5, 2019, which 1s hereby incorporated
by reference in its entirety. The use of SCFs in foaming
processes has been known to improve impact strength and
toughness of the resulting foam products. Such foams may
provide for both savings on material and weight reduction.
Examples of materials for the SCF foam matenals include,
but are not limited to, ethylene vinyl acetate (EVA), poly-
olefins, thermoplastic elastomers, or any combination
thereof. Examples of solvents that may be used when
combining the processing of polymer materials with SCF to
create a low density foamed material include carbon dioxide
(CO,), nitrogen (N,), ethylene, ethane, nitrous oxide,
butane, propane, ammonia, acetone, methanol, ethanol, tet-
rahydroturan (THF), toluene, and water. In some exemplary
embodiments, the sole may comprise two or more materials,
where a SCF-expanded polymer material may be used 1n one
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area of the sole and non-SCF-expanded maternial 1s used at
another location. In some embodiments, the sole 1s com-
prised only of non-SCF-expanded matenals. In preferred
embodiments, any suitable materials that compress resil-
iently under applied loads may be used.

Apertures 1n the Supporting Member. The supporting
member may include one or more apertures or perforations.
An example embodiment of aperture 76 1n supporting mem-
ber 4 1s shown 1n FIG. 14A. The apertures or perforations
may add increased flexibility to the supporting member
and/or reduce the weight of the supporting member which 1n
turn enhances running economy. The apertures or perfora-
tions may be incorporated i a vertical sub-member, a
horizontal sub-member, a cross bar, or any component of a
supporting member 1n which incorporation of an aperture or
perforation will increase running economy. The apertures or
perforations may be ol consistent size or vary 1n size.
Further, the apertures or perforations may be distributed
uniformly along the supporting member or incorporated at
one or more particular locations.

Features in exemplary embodiments. With respect to the
exemplary embodiment of FIGS. 2A-2H, anterior portion 12
of horizontal sub-members 8 of supporting member 4 1is
configured to be curved upward toward the toes. Posterior
portion 14 of horizontal sub-members 8 1s curved upward
towards the midioot region. Horizontal sub-members 8 each

have posterior distal ends that plateau at the midioot as
shown 1n FIGS. 2C-2F.

As shown 1n FIGS. 2A and 2C, the width of horizontal
sub-members 8 1s greatest at the lowest region of the upward
curvature and tapers at the distal ends. Horizontal sub-
members 8 are curved along the lateral axis of the sole,
corresponding to the curvatures of the perimeter of a mid-
sole. Anterior portion 12 and posterior portion 14 of hori-
zontal sub-members 8 are curved inward as shown 1n FIGS.
2A and 2B. The curvature of horizontal sub-members 8 are
coextensive with the perimeter of the midsole.

Horizontal sub-members 8 of supporting members 4 of
the preferred embodiment are each integrally connected to
vertical sub-member 26 which are configured to be at least
partially coextensive with vertical sub-member 26. Vertical
sub-members 26 are comprised of top edge 46 and bottom
edge 48. Horizontal sub-members 8 connect at a location
between top edge 46 and to bottom edge 48 of vertical
sub-members 26. Vertical sub-members 26 are at an approxi-
mately right angle with the latitudinal curved plane of
honizontal sub-members 8. Vertical sub-members 26 have a
height that 1s measured as the distance from bottom edge 48
to top edge 46. The height 1s greatest near the center portion
of vertical sub-members 26 and tapers towards the anterior
and posterior distal ends. Horizontal sub-members 8 may
extend beyond the posterior and anterior distal ends of
vertical sub-members 26 as shown in FIGS. 2A & 2D-2G.

Vertical sub-members 26 have a latitudinal thickness,
otherwise referred to as the width of vertical sub-member
26. The latitudinal thickness of vertical sub-members 26
taper at their respective anterior and posterior distal ends.
The area near the base of vertical sub-members 26 may be
thicker than the upper portion of vertical sub-members 26.
Furthermore, at least a portion of vertical sub-member 26
has a height that 1s greater than a latitudinal thickness of
vertical sub-members 26.

Curved horizontal sub-members 8 are integrally con-
nected to a cross bar 28. Cross bars 28 are configured to have
substantially flat surfaces. The latitudinal plane of the distal
end of the cross bar 28 1s askew from the adjacent latitudinal
plane of horizontal sub-member 8 which 1s located at the
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lowest point of the upward curvature of supporting member
4. Cross bar 28 1s positioned such that the top portion of
vertical sub-member 26 extends above cross bar 28 and that

the bottom portion of vertical sub-member 26 extends below
cross bar 28 as shown 1n FIGS. 2G and 2H. The top portion
of vertical sub-member 26 extends above cross bar 28 a
greater distance than the distance that the bottom portion of
vertical sub-member extends below cross bar 28.

With reference to FIG. 2A, a first cross bar 28 extends
across the sole 1 a first mediolateral direction from a lateral
horizontal sub-member 8. A second cross bar 28 extends
across the sole 1 a second mediolateral direction from a
medial horizontal sub-member 8. Cross bars 28 are posi-
tioned 1n an area located under the region of the ball of the
foot. A first cross bar 28 1s spaced away from a second cross
bar 28 such that the cross bars 28 span a greater area of a
region at or near the ball of the foot. The first cross bar may
be located closer to the toe area of the sole and the second
cross bar may be located closer to the heel area. The cross
bars 28 are aligned along the same mediolateral axis while
being spaced away from each other.

Further to the exemplary supporting members of FIGS.
2A-2H, supporting members 4 have a plurality of support
ridges 24 on the top surface and lower surface of the
supporting members 4 that extend along the longitudinal
length of the supporting members 4. Some of ridges 24
extend the full length of the top and bottom surfaces of
horizontal sub-members 8. Other ridges 24 extend across the
top and bottom surfaces of cross bars 28.

In another exemplary embodiment, a pair of supporting
members 4 are shown 1n FIGS. 3A-3F. Exemplary materials
may include a ngid elastomer infused with carbon fiber. Less
ridges 24 may also be used when increased durability may
be aflorded by the material used in the supporting member.
Further to this embodiment, the bottom portion of vertical
sub-members 26 do not extend below their respective inte-
grally connected horizontal sub-members 8 and cross bars
28.

In another exemplary embodiment of FIGS. 4A-4D, sup-
porting member 4 has horizontal sub-member 8 which does
not have support ridges 24 on the top or bottom surface of
horizontal sub-member 8. Further to this embodiment, a top
portion of vertical sub-member 26 extends above cross bar
28 and a bottom portion of vertical sub-member 26 does not
extend below cross bar 28. Furthermore, vertical sub-mem-
ber 26 has a plurality of sipes 54 that extend from a top
portion of vertical sub-member 26 and in a downward
direction. Further to this embodiment, horizontal sub-mem-
ber 8 extends a greater distance in the anterior and posterior
longitudinal directions than vertical sub-member 26 so that
the posterior and anterior distal ends are not directly adja-
cent to vertical sub-member 26.

In another exemplary embodiment, supporting member 4
1s composed of a first material 56 and a second material 58
that partially coats the first material 56 as shown 1n FIGS.
5A-3D. In other embodiments, the second material may also
tully coat the first material. The first material 56 1s composed
of a more rigid material such as a carbon fiber-based
material while the second material 38 1s a more flexible
material such as TPE.

In another embodiment, a first material may form a
portion of the supporting member while a second material or
possibly other materials forms other portions of the support-
ing member. In an additional embodiment, the second mate-
rial may coat the first material forming a vertical sub-
member having sipes or apertures located in the first
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material. The second material may also cover or fill the
space within the one or more sipes.

FIGS. 6 A-6C show another embodiment of supporting
member 4 in which bottom surface of horizontal sub-
member 8, bottom surface of cross bar 28, and an exterior
facing surface of vertical sub-member 26 1s first material 56.
A top surface of horizontal sub-member 8, a top surface of
cross bar 28, and an interior facing surface of vertical
sub-member 26 1s formed by second material 38. The first
material may be a more rigid material than the second
materal.

In another exemplary embodiment as shown i FIGS.
7TA-TC, supporting member 4 has anterior portion 12 that 1s
configured to have a greater degree of curvature upward
toward the toes, and posterior portion 14 that 1s configured
to have a greater degree of curvature upward towards the
midioot region, than the embodiment shown 1in FIG. 10B.
The top edge of vertical sub-member 26 has at least a portion
of the curvature that 1s less shallow than at least a portion of
the curvature of the bottom edge of vertical sub-member 26.
The height of the vertical sub-member measured at the
lowest region of 1ts curvature may be more than the embodi-
ment shown m FIG. 10B.

In another exemplary embodiment, supporting member 4,
as shown 1n FIGS. 8A-8D, has medial and lateral horizontal
sub-members 8 which are connected by a single cross bar
28. Cross bar 28 1s located near the lowest point of the
curvature of supporting member 4. Further to this embodi-
ment, horizontal sub-members 8 are centrally planar and
curve upward towards anterior portions 12, posterior por-
tions 14, and vertical sub-members 26. The connection
between vertical sub-member 26 and horizontal sub-mem-
bers 8 are curved upward to form rounded edges along the
longitudinal axis of supporting member 4.

In yet another embodiment as shown in FIGS. 9A-9D,
supporting member 4 has a pair of horizontal sub-members
8 that are connected by a single cross bar 28. Cross bar 28
has an upward curvature that 1s coextensive with a portion
of the horizontal sub-members 8. Further to this embodi-
ment, medial anterior portion 12 of medial horizontal sub-
member 8 1s wider than lateral anterior portion 12 of lateral
horizontal sub-member 8. Still further to this embodiment,
lateral anterior portion 12 of lateral horizontal sub-member
8 1s shorter than medial anterior portion 12 of medial
horizontal sub-member 8. Further to this embodiment, ver-
tical sub-member 26 has a greater height along posterior
portions 14 than along anterior portions 12.

FIGS. 10A-10D depict an exemplary embodiment of
supporting member 4 1ncorporated in sole 2. Horizontal
sub-members 8 are curved along the lateral axis of sole 2,
corresponding to the curvatures of the perimeter of a mid-
sole. The anterior distal ends and the posterior distal ends of
horizontal sub-members 8 are curved inward as shown in
FIG. 10A. The lateral curvature of horizontal sub-members
8 are relatively coextensive with the perimeter of the mid-
sole. Vertical sub-members 26 are configured to be coex-
tensive to the sole’s peripheral walls. Vertical sub-members
26 are at an approximately right angle with the latitudinal
plane of horizontal sub-members 8 as shown 1n FIGS. 10C
and 10D. Vertical sub-members 26 extend downward from
the horizontal sub-members 8 toward the outsole with top
edge 46 of the vertical sub-members 26 being adjacent to the
horizontal sub-members. The height of vertical sub-mem-
bers 26 vary along the longitudinal axis of supporting
members 4, reaching the greatest height at lowest point of
the upward curvature and tapering towards anterior distal
ends and posterior distal ends as shown in FIG. 10B.
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Horizontal sub-members 8 are integrally connected to
cross bars 28. A first cross bar 28 extends across the sole 1n
a first mediolateral direction from a lateral horizontal sub-
member 8. A second cross bar 28 extends across sole 2 1n a
second mediolateral direction from a medial horizontal
sub-member 8. Cross bars 28 are positioned 1n an area
located under the region of the ball of the foot and are spaced
away from each other. The first cross bar 28 1s located closer
to the toe area and the second cross bar 28 1s located closer
to the heel area. Supporting members 4 have support ridges
24 on the lower surfaces of supporting members 4 that
extend along the longitudinal length of horizontal sub-
members 8.

Supporting members 4 are compression molded with a
cushioning element 68. Cushioning element 68 1s located
between the upper and outsole. Supporting members 4 are
located above cushioning eclement 68 and vertical sub-
members 26 and support ridges 24 extend downward into
cushioming element 68 as shown i FIGS. 10C &10D.
Supporting members 4 are positioned to have vertical sub-
members 26 spaced an mmward distance away from the
exterior of sole 2 so as not to be visible on the lateral and
medial sides of sole 2. Supporting members 4 are depicted
as being spaced from a lower surface of cushioning element
68. Supporting members 4 are positioned to have their top
edges 46 coplanar with the top surface of the cushioning
clement 68.

In another exemplary embodiment, a pair of supporting
members 4 are shown in FIGS. 11A-11D with posterior
portions 14 of horizontal sub-members 8 that are configured
to have laterally curve inward away from the perimeter of
the midioot region of the sole shown i FIG. 11A. Further
to this embodiment, a first cross bar 28 extends a greater
distance across the sole 1n a first mediolateral direction from
lateral horizontal sub-member 8 than a second cross bar’s 28
distance extending across the sole 1n a second mediolateral
direction from medial horizontal sub-member 8 as shown 1n
FIG. 11A. The lateral horizontal member sub-member 8 also
partially curves upward along the lateral axis 1n the midioot
region as shown in FIG. 11D. Vertical sub-member 26 and
ridge 24 increase the durability of this lateral curvature in the
lateral horizontal sub-member.

FIGS. 12A and 12B depict another exemplary embodi-
ment 1n which a pair of supporting members 4 form a portion
of the outsole. Vertical sub-members 26 are at an approxi-
mately right angle with the plane of horizontal sub-members
8 as shown 1n FIG. 12B. The height of vertical sub-members
26 vary along the longitudinal axis of supporting members
4 with the height being shortest at the anterior distal ends
and posterior distal ends and greater in central regions
between distal ends. Bottom edge 48 of vertical sub-mem-
bers 26 have an upward curvature along the longitudinal axis
of sole 2 that 1s more pronounced than the upward curvature
of top edge 46 of vertical sub-members 26. The upward
curvatures of vertical sub-members 26 causes the wearer’s
toes to curve upward. Further to this exemplary embodi-
ment, horizontal sub-members 8 are positioned below the
cushioning element 68 which allows supporting member 4
to contact the ground to form at least a portion of the outsole.
Vertical sub-members 26 are located, and recessed 1nto, the
exterior of the medial and lateral sides of cushioning ele-
ment 68 as shown 1 FIG. 12B and are configured to support
the load. Horizontal sub-members 8 have a plurality of
protruding members 74 and track spikes 90 attached to
bottom edges 48 of vertical sub-members 26. The protruding
members and track spikes may be integrally formed with the
supporting member or separately formed components that
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protrude through apertures in the supporting members. Horti-
zontal sub-members 8 may also have a plurality of apertures
that may provide traction by forming treads or grooves or
may be included for ornamental purposes.

FIG. 13 depicts a side view of another exemplary embodi-
ment 1n which supporting member 4 1s incorporated 1nto sole
2 between cushioning member 68 and outsole 10. The height
of vertical sub-member 26 may vary along the longitudinal
axis of supporting member 4 with the height being shortest
at the distal ends of the anterior portion and posterior
portion. Bottom edge 48 of vertical sub-member 26 has an
upward curvature along the longitudinal axis of sole 2 at the
forefoot region, and bottom edge 48 plateaus at the midioot
region. Top edge 46 of vertical sub-member 26 has an
upward curvature configuration along the longitudinal axis
of sole 2 1n the forefoot region and plateaus in the midioot
region. Top edge 46 also inclines down at the posterior distal
end to meet bottom edge 48 of vertical sub-member 26. Top
edge 46 has an upward curvature that 1s shallower than
bottom edge’s 48 curvature which forms a partial crescent
shape structure that adds durabaility to supporting member 4
which may additionally comprise a horizontal sub-member
or a cross bar. Supporting member 4 1s also embedded 1n the
cushioning material 68 such that the vertical sub-member 26
may be located underneath portions of the foot supports to
help reduce the load of the sole or prevent flexion of the sole.

FIGS. 14A-14F depict an exemplary embodiment of a
pair of supporting members 4 incorporated in sole 2 that
extends from a forefoot region to a heel region. Supporting
members 4 are embedded between two midsole layers.
Vertical sub-members 26 of supporting members 4 form a
portion of the exposed exterior of sole 2. Vertical sub-
members 26 have a crescent shape structure that extends
form the forefoot region to the heel region of the sole. Top
edge 46 of vertical sub-members 26 has an approximately

U-shaped curvature extending from the forefoot region to
the midioot region with the lowest point of the curvature
being located underneath the ball of the foot. Top edge 46
then crests and curves downward from the midioot region to
the heel region. Bottom edge 48 has an approximately
U-shaped curvature that extends from the forefoot region to
the heel region with an arc length greater than U-shaped
curvature of top edge 46.

Further to the exemplary embodiment of FIGS. 14A-14F,
as the height of vertical sub-member 26 increases in the
midioot, supporting member 4 forms an elongated oblong
aperture 76 that extends also extends in the mediolateral
direction of sole 2. Using rigid matenals, aperture 76 will
retain 1ts shape. The absence of materials within the aperture
will minimize the weight of the sole. The mediolateral
extension of aperture 76 1s formed by horizontal sub-
members 8 and flanges 78 that form the upper wall and
lower wall of aperture 76. Medial horizontal sub-member 8
and flanges 78 of medial supporting member 4 are spaced
away from lateral horizontal sub-members 8 and flanges 78
ol lateral supporting member 4. The interior central portion
of aperture 76 1s formed by cushioning material layers 80,
82. In other embodiments, the aperture may be fully formed
by the supporting members 4 being connected at the interior
central portion of aperture 76. Alternatively, supporting
members 4 may be partially connected such that only certain
regions of the supporting members 4 are connected to each
other and extend across the walls of aperture 76. Alterna-
tively, separate rigid structures spaced away from the sup-
porting members 4 may be used to provide structural support
of aperture 76. A fluid filled bladder structure or other
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cushioning materials may also be located within aperture 76
to provide added structural support and/cushioning.

Horizontal sub-members 8 are integrally connected to
cross bars 28. A first cross bar 28 extends across the sole 1n
a first mediolateral direction from lateral horizontal sub-
member 8. A second cross bar 28 extends across the sole in
a second mediolateral direction from medial horizontal
sub-member 8. The cross bars 28 are positioned 1n an area
located under the region of the ball of the foot. The first cross
bar 28 1s spaced away from the second cross bar 28 such that
cross bars 28 span a greater area of region at and near the
ball of the foot. One cross bar may be located closer to the
toe area and while the other cross bar may be located closer
to the heel area. Cross bars may also extend toward each
other but spaced away at an interior central portion of the
sole. Supporting members 4 have a plurality of support
ridges 24 on the top surfaces and/or lower surfaces of
horizontal sub-members 8, cross bars 28, and flanges 78.
Ridges on flanges 78 are located only at the surfaces that
face cushioning members 80, 82.

In another exemplary embodiment, a pair of supporting
members 4 are shown 1n FIGS. 15A-15D wherein support-
ing members 4 do not include horizontal sub-members 8,
cross bars 28, and support ridges 24. Supporting members 4
solely include curved vertical sub-members 26.

FIGS. 15A-15D depict an exemplary embodiment of a
pair of supporting members 4 incorporated in sole 2. Sup-
porting members 4 are depicted in FIGS. 15A and 15C-15D
as having anterior portions 12 extending substantially
through the forefoot region and posterior portions 14 extend-
ing substantially through the midioot region. Fach vertical
sub-member 26 1s configured to extend relatively parallel to
sole’s 2 longitudinal axis and 1s curved along the lateral axis
of sole 2, corresponding to the curvatures of the perimeter of
the midsole. Further, vertical sub-members 26 are config-
ured to have anterior portions 12 curved upwards towards
the toes and posterior portions 14 curved upward towards
the midioot region. The distal ends of anterior portions 12
and posterior portions 14 are curved mmward towards the
interior central portion of the sole as shown in FIG. 15A, and
the inward curvature may be coextensive with the peripheral
shape of the sole or be aligned with the contours of the
wearer’s foot.

The vertical sub-member may also have horizontal sub-
members or cross bars that have a similar height as the
vertical sub-member. These components may also have a
minimal thickness that extends along the longitudinal axis of
the sole. These structures may extend in the mediolateral
direction along regions that require additional rigid support
to a cushioning element of the sole such as the ball of the
foot or 1n the formation of apertures 1n with the sole.

Further to the embodiment of FIGS. 15A-15D, the height
of each vertical sub-member 26 varies along the longitudinal
axis of supporting member 4, reaching the greatest height at
lowest point of the upward curvature of supporting member
4. The height of vertical sub-member 26 decreases at both
the distal ends of the anterior portion 12 and posterior
portion 14 as shown in FIG. 15B. Top edge 46 and bottom
edge 48 have compound curves that differ from each other
such that the vertical sub-member forms a crescent shape.
The top edge 46 may have a central first angle that is
shallower than the central first angle of the bottom edge 48.

The thickness of vertical sub-members 26 may be non-
uniform or substantially uniform as shown in FIGS. 15A and
15C-15D. The longitudinal length of vertical sub-members
26 are greater than the thickness of vertical sub-members 26.
The height of vertical sub-members 26 1s also greater than
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the thickness of vertical sub-members 26 in some regions of
sole 2 and equal to or less than 1n other regions of vertical
sub-members 26 such as the distal ends of anterior and
posterior portions 12, 14. For example, FIG. 15C depicts
portions of the height of vertical sub-members 26 being at
least three-1old greater than the relative latitudinal thickness.
In other possible embodiments, the height of vertical sub-
members 26 are greater than the latitudinal thickness of
vertical sub-members 26 1n all regions along the length of
the supporting members 4.

Supporting members 4 are depicted 1n FIGS. 15A and
15C-15D as being spaced from medial and lateral edges of
cushioning element 68, as well as being spaced from a lower
surface of a cushioning element 68. Supporting members 4
are positioned to have top surfaces of vertical sub-members
26 coplanar with the top surface of cushioning element 68.
That 1s, supporting members 4 are depicted as being embed-
ded 1n cushioning element 68 aside from the top surface of
vertical sub-members 26. In other configurations, the top
surface of the vertical sub-members may be spaced from an
upper surface of a cushioning element to have supporting
members completely embedded 1in the cushioning element or
extend above a cushioning element. In alternate embodi-
ments, vertical sub-members may be bonded to the exterior
of the cushioning element and/or an outsole. Vertical sub-
members may form portions of the outsole layer.

Any number of supporting members may be used, such as
a single supporting member or more than one supporting
members. Further, a supporting member may be placed in
any location of the sole that enhances running or walking
economy either by providing elastic energy return and/or
rigidity to areas of the foot that alleviates or reduces the
negative impact to joints, tendons, and muscles. The sup-
porting members of FIGS. 15A-15D are in the forefoot
region to provide desired stiflness and/or elastic energy
return under the metatarsophalangeal joint. Other examples
of where a supporting member may be placed includes the
midioot region to provide desired stiflness and/or elastic
energy return to the midioot arch and in the heel region
similar to the curved support provided by supporting mem-
ber 4 1n FIGS. 14A-14F.

In other embodiments of FIGS. 15A-15D, vertical sub-
members of the supporting members may have horizontal
components such as support ridges along the exterior and/or
interior portions of the vertical sub-member to increase
rigidity and elasticity of the supporting member. Further,
support ridges may also provide an anchoring point for
added convenience for assembly of the sole.

Materials of the supporting member. An exemplary sup-
porting member may be composed of thermoplastic elasto-
mers, including polyether block amides (PEBA) such as, but
not hmlted to Pebax®, which 1s manufactured by ArkemaTM
thermoplastic polyamides, thermoplastic polyurethanes,
thermoplastic copolyesters such as Arnitel®, which 1s manu-
factured by Royal DSM™, and thermoplastlc polyester
clastomers such as Hytrel®, which 1s manufactured by
DuPont™., A supporting member may also be composed of
carbon fiber reinforced thermoplastic elastomers such as
Rilsan®, which 1s a carbon fiber reinforced polyamide
manufactured by Arkema™. A supporting member may also
be constructed of a composite mixture of the materials.

Dimensions of the supporting member. The height of the
vertical sub-member component may vary along the longi-
tudinal axis of the supporting member or be of a uniform
height. Exemplary heights of the vertical sub-member range
from about 0.3 mm to about 25.0 mm. In one example, the
height of the vertical sub-member 1s about 6 mm at a
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location at or near the ball of the foot and decreases to about
1 mm at the anterior and posterior distal ends. The thickness
of the vertical sub-member may vary along the longitudinal
axis of the supporting member or be of a uniform thickness.
The thickness of the vertical sub-member ranges from about
0.3 to about 4.0 mm. In one example, the thickness of the
vertical sub-member 1s a substantially uniform thickness of
about 1.2 mm. It may be preferred that the thickness of the
vertical sub-member 1s kept to a mimmimum to provide for a
lightweight sole.

In some exemplary embodiments, the anterior distal end
ol a supporting member may have an anterior angle mea-
sured between a horizontal plane that 1s tangential to the
lowest point of the curved supporting member and a line
drawn from the lowest point to the anterior distal end. The
anterior angle may include a value within a range from about
13-degrees to about 21-degrees. Similarly, the posterior
portion may have a posterior angle measured between the
horizontal plane and a line drawn from the lowest point of
the curved supporting member to the anterior distal end. The
posterior angle may be within a range from about 6-degrees
to about 19-degrees.

In some exemplary embodiments, the supporting member
may include a horizontal sub-member itegrally connected
to the curved vertical sub-member. The thickness of the
horizontal sub-member may include a substantially uniform
thickness within the range of about 0.3 mm to about 6.0 mm
across the horizontal sub-member or a non-uniform thick-
ness that varies across the horizontal sub-member. In one
example, the horizontal sub-member has a substantially
uniform thickness of about 1.0 mm.

In some exemplary embodiments, the supporting member
may include one or more support ridges above/or below the
top and lower surfaces of the supporting member that extend
along the longitudinal length of the supporting member. A
ridge may be located on a vertical sub-member and/or a
horizontal sub-member and/or a cross bar of the supporting
member. The one or more support ridges may protrude from
the surface of the supporting member at a distance ranging,
from about 1.0 mm to about 1.7 mm. In one example, a
support ridge protrudes from the bottom surface of a hori-
zontal sub-member at a distance of 1.2 mm.

Flex testing. Flex testing measures the durability, 1.e.
cracking, of the supporting member embodiments through
reciprocating flexing movements under a specified angle and
frequency. Mixtures ol matenals, such as a PEBA based
material and a carbon fiber-based material, may improve the
durability of the supporting members. Under the flex testing
method SATRA TM-16, preferred embodiments of the com-
posite supporting members lasted more than 125,000 cycles.

Preferred embodiments of sole with a supporting member
ideally have suflicient rigidity or flex resistance for desired
clastic energy return that enhances running economy. Flex
resistance measurements (ISO 17707:2005) of preferred
embodiments sole demonstrates an increase in rigidity. In
some exemplary embodiments, the rigidity increases 2- to
3-fold over a sole without the supporting member.

Preferred embodiments also exhibit a higher elasticity or
spring coellicient than without the supporting member.
Higher elasticity provides improved energy return 1deal for
achieving enhanced running or walking economy. A tension
test machine was used to measure the deflection of force
energy ol weight with a contact surface diameter of 2.14 mm
by soles that were compressed to 50%. The elastic coetli-
cients (k; U=1/2(k/Ax”) of soles with supporting members
increase with some embodiments demonstrating about a
two-fold higher k value.
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Cushioning Elements. The supporting member may be
used as part of an 1nsole or be used 1n combination with a
cushioning element. The cushioning element may be at least
a portion of a midsole. The supporting member may also be
located between two cushioning elements. The two cush-
ioning elements may be two layers that form a midsole. The
supporting member may also be between a midsole layer
and an outsole layer.

The cushioning element may be of any material used in
the art. Some exemplary materials may include a POE such
as EVA or a TPE. The polymer materials may be foamed
either through use of chemical foaming agents or supercriti-
cal fluid expansion. The cushionming elements may also
include the use of gels or fluid filled bladders.

In an exemplary embodiment, the midsole may be com-
prised of a first cushioning element 1n the heel area and a
second cushioning element in the forefoot and midioot
areas. The first cushioning element may be a SCF foamed
material and the second cushioning eclement may be a
chemically foamed material. In this embodiment, the chemi-
cally foamed material has a higher density and hardness, and
a lower resiliency than the SCF-expanded polymer material.
The SCF-expanded polymer material may be, but 1s not
limited to, EVA and/or TPU. In this exemplary embodiment,
the SCF-expanded polymer material comprises substantially
the entire midsole layer of the heel area as well as portions
of the midsole area. Further to this embodiment, the SCF
foamed material may include a plurality of apertures to
provide flexibility, reduction of weight, and desired weight
distribution. In an alternate embodiment, the first cushioning
clement may be the chemically foamed material and the
second cushioning element may be the SCF foamed mate-
rial.

In another exemplary embodiment, the midsole may be
comprised of a first cushioming element above the support-
ing member and a second cushioning element below the
supporting member. Both the first cushioning element and
second cushioning element may be a SCF foamed material.
The SCF-expanded polymer materials may be, but are not
limited to, EVA and/or TPU. Further to this embodiment, the
SCF foamed materials may include a plurality of apertures
to provide flexibility, reduction of weight, and desired
weilght distribution.

In an exemplary embodiment, the cushioning element
may be used above the supporting member. The cushioming
clement may have an Asker C hardness of 44 to 51.

The supporting member may be stock-fitted with the
cushioning element. In one preferred embodiment, a sup-
porting member having two separately constructed sub-
members allow for greater ease 1 manufacturing. The
separately constructed sub-members allow for varying the
placement of each supporting member because of the minor
differences 1n size of the cushioning elements. For example,
mass produced midsoles are not consistently manufactured
to the desired range of dimensions. A uniformly constructed
supporting member that 1s configured to extend across a first
area of the sole and a second area of the sole may not be
properly fitted to a midsole that do not fall within the desired
range ol dimensions of the midsole. By using separately
constructed sub-members, the separate sub-members may be
placed 1n the exact regions of the midsole during the stock
fitting process and thereby accounting for deviations 1n
production of the midsole.

Further to this embodiment, the supporting member may
cach have cross bars that are not connected or connected by
an extendable connecting member. The placement of the
supporting member having cross bars on a cushioning
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clement may be more easily adjusted during the stock fitting
process. The adjustments may include placing vertical and/
or horizontal sub-members in closer proximity or farther
from each other in some midsoles. Adjustments may also
include placing cross bars closer or farther from each other.
The placement may be determined by distance between the
medial and lateral edges of a midsole and the location of the
area that 1s located underneath the metatarsophalangeal joint
region. In other examples, other reference points of the sole
may be used to determine correct positioming of the support
member such as the midioot region, the midioot arch, the
ankle, etc.

Although the present invention has been described above
by referring to particular embodiments, 1t should be under-
stood that modifications and variations could be made to the
sole supporting member without departing from the intended
scope of mvention.

We claim:

1. A sole for an article of footwear, the sole comprising:

a cushioning element;

a supporting member comprising a vertical sub-member
and a horizontal sub-member, the vertical sub-member
extending in both a vertical direction and a longitudinal
direction, the longitudinal direction extending along a
toe region to a heel region of the sole;

the vertical sub-member having a curvature along the
longitudinal direction;

the vertical sub-member 1s located 1n a forefoot region of
the sole;

the curvature of the vertical sub-member 1s concave
upward;

the curvature of the vertical sub-member has a first arc
length defined by a first central angle wherein at least
a portion of the first arc length 1s adapted to be
positioned underneath a ball region of a foof;

the horizontal sub-member extending from a sidewall of
the vertical sub-member 1n a latitudinal direction and
being angled away from the vertical sub-member, the
horizontal sub-member extending in the longitudinal
direction; and

whereby the supporting member has a greater rigidity
than at least a portion of the cushioning element.

2. The sole of claim 1, wherein the vertical sub-member
has a bottom edge comprising a first arc length defined by a
first central angle and the vertical sub-member has a top
edge comprising a second arc length defined by a second
central angle, the vertical sub-member has at least one
tapered end where the first arc length and the second arc
length meet, and the first central angle differs from the
second central angle.

3. The sole of claim 2 in which the first central angle 1s
greater than the second central angle.

4. The sole of claim 3 1n which the horizontal sub-member
1s located closer to the top edge than to the bottom edge; and
at least a portion of the horizontal sub-member and at least
a portion of the vertical sub-member, 1n combination,
defines an L-shaped configuration.

5. The sole of claim 3 1 which at least a portion of the
vertical sub-member has a vertical height that 1s at least three
times greater than a latitudinal thickness of the vertical
sub-member.

6. The sole of claim 2 1n which the top edge and the
bottom edge define at least an approximately crescent
shaped sidewall of the vertical sub-member.

7. The sole of claim 1 in which the horizontal sub-member
1s approximately perpendicular to the vertical sub-member
and a portion of the horizontal sub-member has a curvature
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that 1s coextensive with the curvature of the vertical sub-
member at a location between a top edge and a bottom edge
of the vertical sub-member.

8. The sole of claim 1 1n which the horizontal sub-member
1s spaced away from a peripheral side of the sole.

9. The sole of claim 1 1n which the supporting member has
one or more ridges that extend along the longitudinal
direction.

10. The sole of claim 1 1n which the supporting member
has a cross bar that extends away from the horizontal
sub-member 1n the latitudinal direction, the latitudinal direc-
tion extending beyond the horizontal sub-member.

11. The sole of claim 1, wherein the supporting member
1s a first supporting member, the sole further comprising a
second supporting member spaced apart from the first sup-
porting member.

12. A sole for an article of footwear, the sole comprising:

a cushioning element;

a supporting member comprising a vertical sub-member
and a horizontal sub-member, the vertical sub-member
extending in both a vertical direction and a longitudinal
direction, the longitudinal direction extending along a
toe region to a heel region of the sole;

the vertical sub-member having a curvature along the
longitudinal direction;

the vertical sub-member 1s located 1n a forefoot region of
the sole;

the curvature of the vertical sub-member 1s concave
upward;

the horizontal sub-member extending from a sidewall of
the vertical sub-member 1n a latitudinal direction and
being angled away from the vertical sub-member, the
horizontal sub-member extending in the longitudinal
direction;

wherein the supporting member 1s embedded within an
upper portion of the cushioning element and has an
uppermost surface that 1s flush with an upper surface
level of the cushioning element; and

whereby the supporting member has a greater rigidity
than at least a portion of the cushioning element.

13. The sole of claim 12 wherein the cushioning element

1s a midsole.

14. The sole of claim 12 wherein the supporting member
1s a first supporting member, the vertical sub-member 1s a
first vertical sub-member, and the horizonal sub-member 1s
a {irst horizontal sub-member, the sole further comprising a
second supporting member spaced apart from the first sup-
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porting member, and wherein the second supporting member
comprises a second vertical sub-member and a second
horizontal sub-member.

15. The sole of claim 14 wherein the first horizonal
sub-member 1s located on a lateral side of the sole, the
second horizonal sub-member 1s located on a medial side of

the sole, the sole of further comprising a first cross bar
attached to and extending away from the first horizontal
sub-member toward the medial side of the sole, and a second
cross bar attached to and extending away from the second
horizontal sub-member toward the lateral side of the sole.

16. A sole for an article of footwear, the sole comprising:

a cushioning element;

a supporting member comprising a vertical sub-member
and a horizontal sub-member, the vertical sub-member
extending 1n both a vertical direction and a longitudinal
direction, the longitudinal direction extending along a
toe region to a heel region of the sole;

the vertical sub-member having a curvature along the
longitudinal direction;

the vertical sub-member 1s located 1n a forefoot region of
the sole;

the curvature of the vertical sub-member 1s concave
upward;

the horizontal sub-member extending from a sidewall of
the vertical sub-member 1n a latitudinal direction and
being angled away from the vertical sub-member, the
horizontal sub-member extending in the longitudinal
direction;

the supporting member having a cross bar extending away
from the horizontal sub-member 1n the latitudinal direc-
tion, the latitudinal direction extending beyond the
horizontal sub-member;

the vertical sub-member having a top edge and a bottom
edge;

the top edge extending above an uppermost level of the
cross bar and the bottom edge extending below a
lowermost level of the cross bar;

the vertical sub-member extending longitudinally both
forward and rearward relative to the cross bar; and

whereby the supporting member has a greater rigidity
than at least a portion of the cushioning element.

17. The sole of claim 16 wherein the vertical sub-member,

the horizontal sub-member, and the cross bar, in combina-
tion, form a T-shaped configuration.
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